Introduction
Autoimmune haemolytic anaemia (AIHA) can be defined as a reduced haemoglobin concentration, resulting from a shortened red cell lifespan, caused by autoantibodies directed against antigens on the patient's erythrocytes. Although AIHA is usually considered to be a well defined clinical syndrome, the more closely cases are examined the more obvious it becomes that severe anaemia is one extreme of a fundamental disturbance of immune homeostasis; at the other end of the spectrum are those in whom erythrocyte autoantibodies are the only abnormality found. The degree of haemolysis can vary considerably and as it often occurs in the absence of anaemia, we prefer the term autoimmune haemolysis Regional Blood (AIH above points should be borne in mind when considering published findings which have so far tended to favour reports of patients with obvious haemolysis and those cases with interesting disease or drug associations. For this article, we have selected some aspects of the pathology of AIH which are considered to be of current interest, namely classification, the concept of secondary AIH, incidence, and factors which influence red cell destruction. We have related them to our own experiences of 1834 patients referred either because AIH was suspected or because erythrocyte autoantibodies were causing difficulties in blood grouping and cross-matching. The patients were seen over a 10 year period from 1 January 1982 to 31 December 1991 and were drawn from a population ofroughly 4-7 million people living in an area of 16 500 kM2.
Classification and the concept of secondary autoimmune haemolysis The 1834 patients were classified according to serology and disease association (table 1).' 2 As well as the traditional warm and cold autoantibody types, a separate category of mixed AIH is included where both warm and cold autoantibodies are present and their reactions are such that both are deemed capable of causing haemolysis.3 The distribution of cases by serological group is shown in table 2.
The concept of secondary AIH is complicated. It may mean that the association with another disease occurs more often than can be explained by chance alone (for example, lymphoid neoplasms, systemic lupus erythematosus, Mycoplasma infections); or that the AIH resolves when the associated disease is corrected (for example, some ovarian neoplasms); or that the two conditions are different parts of a complex immunologically mediated multisystem disorder (such as ulcerative colitis); or that there may be a combination of these factors. In other situations it can be more difficult to judge whether the occasional association of AIH with a relatively common disorder, such as acute myeloid leukaemia, pernicious anaemia, cirrhosis, carcinoma, rheumatoid arthritis, thyroid disease, diabetes mellitus and certain infections, is clinically important or whether this should be figure) . The figures equate with incidences of about 1 in 25 000, overall, and 1 in 41 000 for warm AIH; the latter is greater than the usually quoted minimal annual incidence of 1 in 80 000 for this group.6 The difference is probably due to improvement in recognising mild and compensated forms. Table 3 gives the serological profiles of the children and adolescents and shows that the early childhood peak of cold AIH (figure) is largely due to patients with paroxysmal cold haemoglobinuria (PCH) caused by Donath-Landsteiner antibodies. Eleven of the 19 patients with this diagnosis were under 5 years old (table 3) . AIH is more common in females, even when sex differences in the general population are taken into account; the male:female ratio in our patients was 1:1I3. molysis in patients who had small quantities of IgG already on their cells by increasing mononuclear phagocyte activity. 9 In vitro an increase in rosette formation has been noted during the course of viral infections, and in experimental studies increased clearance of IgG sensitised red cells was found in animals infected with Bacille Calmette-Guerin.9 Decreased mononuclear phagocyte activity can also occur. For example, 15% of patients taking methyl dopa developed IgG autoantibodies to red cells yet only 0 5% showed active haemolysis.9 Studies using radiolabelled red cells suggested -that methyl dopa suppressed mononuclear phagocyte function in most patients and that where this did not occur, the cells were lysed. When patients with methyl dopa induced autoantibodies were followed up sequentially, significant in vitro monocyte erythrophagocytosis was seen only during periods of haemolysis. In another example, antibody coated red cells, which were rapidly Kdestroyed in all normal subjects, survived normally in some patients with systemic lupus erythematosus (SLE); it was suggested that immune complexes (DNA:anti-DNA) were 22 IgGI was by far the most common, being present in 419 (98%) samples overall and in 273 out of the 279 where only one subclass was identified (table 4) . This pattern of results precluded comparing individual subclasses, but did permit examination of the effects of multiple versus single subclass coating. As multiple IgG subclasses were significantly associated with the presence ofmultiple immunoglobulin classes (which have a haemolytic effect in their own right2"), further analyses were carried out using samples where IgG alone coated the red cells. In these circumstances multiple subclasses were significantly associated with higher amounts of cell bound IgG (> 800 mol/red blood cell) and more cases had haptoglobin concentration of < 0 1 g/l. Reduced haptoglobulin concentration were not significantly associated with the presence of 1gG3 unless the cases with multiple immunoglobulins were included in the analysis. Studies which reported that overt AIH occurred in virtually all cases where IgG3 was Table 6 Patients with warm type red cell autoantibodies: relation between presence of IgM coating and serum haptoglobin concentration *highly significant (p < 0 0005) at 1 degree of freedom present,24 25 did not take into account any effects due to associations with multiple immunoglobulin classes and subclasses. The IgG subclasses have different interactions with mononuclear phagocytes which are thought to be the result of their varying affinity for Fc receptors, rather than there being specific receptors for each subclass.9 IgG3 antibodies have a higher affinity for mononuclear phagocyte receptors than IgGl antibodies, with IgG2 and IgG4 binding much less efficiently still. This can be shown in vitro where monocyte reactions with IgG3 coated erythrocytes are much more rapid than with IgGl, rosette formation is greater, and fewer molecules are required to initiate erythrophagocytosis.
The effects of immunoglobulin class in warm type AIH were investigated in 590 samples from 404 patients.2' Using the very sensitive enzyme linked antiglobulin test, the red cells of 218 (37%) samples were found to be coated with increased amounts of IgM or IgA in addition to IgG (table 5) . Compared with cases where red cells were coated with IgG alone, the presence of multiple immunoglobulins was significantly, associated with cases where larger amounts of IgG (> 800 mol/ red blood cell), multiple IgG subclasses, IgG3, and C3d were bound to the cells, and where haptoglobin concentrations were < 0 1 g/l. The latter association was still significant when cells were coated with low concentrations of IgG (< 400 mol/red blood cell) of a single subclass (IgGI of 98% of cases), and was not due to the presence of cell bound complement. The study concluded that multiple immunoglobulin coating, even when undetected by agglutination methods, was a major cause of haemolysis. Although it was part of a more generalised autoimmune response and acted with other factors such as the quantity of bound IgG, the IgG subclass pattern and complement, it also had an important haemolytic effect in its own right. 2 C3d.28 There is some evidence that red cell bound complement has a quantitative effect in relation to haemolysis. This is difficult to assess in vitro as the C3b coated cells have either been destroyed or the C3b converted to C3d,g. Nevertheless, it is thought that about 550-800 bound C3b molecules are required to activate the hepatic clearance mechanism, and in one study most patients with more than 1 100 C3d molecules per red cell had an associated haemolytic anaemia29-presumably because of a proportional relation with the number of C3b molecules originally bound to the cells. Intravascular haemolysis is rare and only occurs if activation of red cell bound complement proceeds to completion: it is seen in less than 20% of patients with AIHA, but is the most efficient method of red cell destruction and can produce severe anaemia. Antibodies which trigger this process are mostly of IgM class, although it can also be caused by some warm IgGI and IgG3 antibodies; the classic IgG example, however, is the cold-reacting Donath-Landsteiner antibody. In spite of IgM class antibodies being better at activating complement than IgG, those found in the cold agglutinin syndrome are far less efficient than Donath-Landsteiner antibodies. As a result, severe intravascular haemolysis, a common feature in PCH, is not obvious in most patients with cold haemagglutinin disease.9 This may be due to differences in affinity of the two types of antibody; cold reacting IgM autoantibodies rapidly leave the red cells when the temperature increases to 37°C (the optimal temperature for complement activation), whereas Donath-Landsteiner antibodies stay bound for longer and are thus better able to trigger activation.9 Intravascular haemolysis occurs about 10 times more frequently in children and this seems to parallel an increase in AIHA secondary to infection. Possibly, autoantibodies stimulated by viruses or bacteria are more efficient at activating complement, or perhaps the pathogens make the red cell more susceptible to its action.9 Infection is an important factor in the development of PCH,2 and it is of interest that although this type of haemolysis is rare, accounting for only about 1% of all our patients (table 1), in children 26% of cases were in this group (table 3) .
